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ABSTRACT 
Computers can enhance the decision-making capability of a manager. This may involve 
software programs readily available for the personal computer or programs especially custom­
ized for a particular company's purposes. This article reviews examples of both and focuses on 
Solver, an add-on for Excel or 1-2-3 97. Solver enables a manager to manipulate available 
resources to meet productivity needs. This may involve a specific goal such as maximization of 
profit or minimization of cost. But it might also involve several goals that can be prioritized. 
Three models are presented and results from the program are illustrated. With this tool and a 
basic knowledge of modeling, a manager can observe the effects of making changes within his 
company or prioritizing goals before decisions are made. 
INTRODUCTION 
Managers are required to make decisions that will lead to the optimization of resources for 
their companies. These resources are usually limited, which places constraints on such optimiza­
tion goals as maximizing profit or minimizing cost. The purpose of this analysis is to describe 
some of the ways the computer has enhanced the manager's decision-making capabilities and to 
focus particularly on add-on features provided in the Microsoft Excel 97 program and available 
for Lotus 1-2-3 97. This report begins with a revie\v of literature of how various companies and 
plants have utilized computing power to promote efficiency in such areas as production, inven­
tory, scheduling, and planning. Also, the availability of software packages that have been de­
signed for particular business purposes are mentioned. Spreadsheet analysis is then discussed 
and the use of the Solver Add-On for 1-2-3 97 and Excel 97 is illustrated with three models 
(production mix, blend, and investment). 
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REVIEW OF LITERATURE 
"Data mining," as Cipolla (1995) describes the use of data to obtain useful information, can 
be elementary, but since production processes, scheduling procedures, and shipping paths may be 
too complicated for some managers to model, experts in engineering and programming may be 
required. Thus, Nemhauser (1994) explains some of the methods for "real-world" optimization 
problems and recommends that specialists customize algorithms for solutions involving thou­
sands of variables and millions of constraints. Whirlpool Corporation (Enrado, 1994) used a 
client-server based application with artificial intelligence (AI) in order to be more efficient in 
consolidating orders and setting inventory levels. This required considerable staff to run and 
understand. Kibble (1995) describes an object-oriented program for planning and scheduling 
printing plant jobs. By adding "what if" constraints to existent models, planning and forecasting 
for future trends were generated. Franz and Woodmansee (1993) developed an integer linear 
programming model for optimizing shipments for retail mail order firms. Another use of a linear 
programming optimization technique is given by Cline (1995). In a spreadsheet setting, the inter­
ests of individual oil companies were maximized. Castor (1994) reviews fifteen business soft­
ware tools that allow a business to increase its efficiency in hiring, conducting performance 
appraisals, managing employees, negotiating effectively, sharpening decision-making skills, and 
becoming more creative. 
Paul (1994) discusses spreadsheet multidimensional analysis tools offered by Lotus and 
Excel. The programs were able to link a database with spreadsheets. For workgroups, Essbase 
software is available. The Pivot Tables of Excel and I-2-3's Crosstabs are described by Penrod 
(1995). He mentions Goal Seek (Excel) and Backsolver (Lotus). Lebsack (1995) also illustrates 
the use of Backsolver and Solver. An add-on for Excel is Evolver (Coffee, 1994). It does not use 
a rigid set of constraints, but has the ability to search for a best solution from a large set of 
possibilities. The problem must be defined but not necessarily in the vocabulary of linear pro­
gramming (Schimmelpennick 1995). 
Solver is now a purchased (from Frontline Systems) add-on for 1-2-3 97 (Nielsen, 1997). 
Although it is available as a part of the package for Microsoft Excel 97, it must be added in an 
installation procedure (Person, 1997). Solver problems can now be transferred between Excel 97 
and Lotus 97. Solver was included in earlier versions of 1-2-3, but it has been improved. In order 
to use the new (or an earlier) version, a manager needs some background in modeling siich as that 
offered in a management or decision science course. For those who need a review, a text such as 
An Introduction to Management Science by Anderson, Sweeney, and Williams (1997) is helpful. 
SOLVER AS A BUSINESS DECISION TOOL 
Besides basic linear programming models, the Solver can also be used for nonlinear, inte­
ger, and goal programming functions. Using simple models, some of the options and reports that 
are available in Solver are shown. The first model is a simple product mix with two products and 
three resource constraints. A noninteger model is considered first and then results from the 
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integer model are given. The second example is also a product model, but it requires that re­
sources are blended for the formulation of two products. A basic portfolio allocation model with 
a possible goal of maximization of total capital is given next. This is expanded, however, to a 
goal programming approach with three prioritized goals. 
Model - Product Mix 
A company produces two products, X and Y. Three operations are required in the produc­
tion. For operation 1, there are 8 hours available per day, 6 hours for operation 2 and 2.4 hours 
for operation 3. Product X requires 48 minutes in operation 1,18 minutes in operation 2 and 6 
minutes in operation 3 while product Y requires 24 minutes, 24 minutes and 18 minutes, respec­
tively. The profit per unit of X is $7.50 and Y's profit is $6.00 per unit. 
Table 1. Model 1 - Answer Report 
Target Cell (Max) 
Cell Name 
$1$10 Maximize total profit ($7.50X + $6.00Y) 
Adjustable Cells 
Cell 
$E$3 X 
$E$4 Y 
Name 
Original Value 
0 
Original Value 
0 
0 
Constraints 
Cell Name Cell Value Formula 
$G$6 Operation 1 time requirements (0.8X + 0.4Y <=8 hours) 8 $G$6<=$H$6 
$G$7 Operation 2 time requirements (0.3X + 0.4Y <= 6 hours) 4.4 $G$7<=$H$7 
$G$8 Operation 3 time requirements (O.IX + 0.3Y <=2.4 hours) 2.4 $G$8<=$H$8 
Final Value 
87.6 
Final Value 
7.2 
5.6 
Status Slack 
Binding 0 
Not Binding 1.6 
Binding 0 
The noninteger solution for maximization of profit is given in Table 1. Besides the profit 
and variable X and Y values, the Answer Report lis ts the constraints, whether they are binding or 
not, and amount of slack (unused resources) or surplus (amount over the dictated need). In the 
Sensitivity Report (Table 2), the range within which these same variables from the Answer will 
remain in the solution is given. Shadow prices (increase in profit for each unit increase in re­
source) are given along with the range of resource within which that proce remains constant. A 
third report is the Limits (Table 3). This is the result of maximizing and minimizing each variable 
separately while keeping the other variable amount constant with the same constraints. The ob­
jective (profit in thi s case) is calculated for each instance. 
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Table 2. Model 1 - Sensitivity Report 
Adjustable Cells 
Final Reduced Objective Allowable Allowable 
Cell Name Value Cost Coefficient Increase Decrease 
$E$3 X 7.2 0 7.5 4.5 5.5 
$E$4 Y 5.6 0 6 16.5 2.25 
Constraints 
Final Shadow Constraint Allowable Allowable 
Cell Name Value Price R. H. Side Increase Decrease 
$G$6 Operation 1 time requirement 8 8.25 8 6.4 4.8 
(0.8X + 0.4Y<=8 hours) 
$G$7 Operation 2 time requirements 4.4 0 6 lE+30 1.6 
(0.3X + 0.4Y <=6 hours) 
$G$8 Operation 3 time requirements 2.4 9 2.4 1.6 1.4 
(0.1X + 0.3Y<= 2.4 hours) 
Table 3. Model 1 - Limits Report 
Target 
Cell Name Value 
$1$10 Maximize total profit ($7.SOX + $6.COY) 87.6 
Cell 
$E$3 X 
$E$4 Y 
Adjustable 
Name Value 
7.2 
5.6 
Lower 
Limit 
0 
0 
Target 
Results 
33.6 
54 
Upper 
Limit 
7.2 
5.6 
Target 
Results 
87.6 
87.6 
If the products produced were integer items, one method of producing a solution could be to 
round the noninteger answers to values that still meet the given constraints. However, this does 
not necessarily produce optimum results. The Answer Report for the Solver integer solution is 
given in Table 4. Sensitivity and Limit Reports are not valid for integer solutions. 
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Table 4. Model 1 - Integer Answer Report 
Target Cell (Max) 
Cell Name Original Value Final Value 
$1$10 Maximize total profit ($7.50X + $6.00Y) 0 84 
Adjustable Cells 
CeU Name Original Value Final Value 
$E$3 X 0 8 
$E$4 Y 0 4 
Constraints 
CeU Name Cell Value Formula Status Slack 
$G$6 Operation 1 time requirements 8 $G$6<=$H$6 Binding 0 
(0.8X + 0.4Y <= 8 hours) 
$G$7 Operation 2 time requirements 4 $G$7<=$H$7 Not Binding 2 
(0.3X + 0.4Y <= 6 hours) 
$G$8 Operation 3 time requirements 2 $G$8<=$H$8 Not Binding 0.4 
(O.IX + 0.3Y <=2.4 hours) 
$E$3 X 8 $E$3=integer Binding 0 
$E$4 Y 4 $E$4=integer Binding 0 
Model 2 - Blend 
A company produces two products, A and B, which are made by blending varying amounts 
of two ingredients (1 and 2). Product A must contain at least 25% ingredient 1 and at least 50% 
ingredient 2. Product B has at most 75% ingredient 1 and at most 40% ingredient 2. Ingredient 1 
costs $1.60 per quart and ingredient 2 costs 2.59 per quart. Product A will sell for $3.35 per 
quart and product B will sell for $2.85 per quart. Up to 40 quarts of ingredient 1 are available and 
up to 30 quarts of ingredient 2. Table 5 gives the answer. For this model, Sensitivity and Limits 
Reports are not as easily interpreted as those from Model 1. 
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Table 5. Model 2 - Answer Report 
Target Cell (Max) 
Ceil Name Original Value Final Value 
$J$15 Maximize total profit ($3.35(W + X) + 0 82.8 
$2.85 (Y + Z) - $1.60 (W + Y) - $2.59 (X + Z) 
Cell Name Original Value Final Value 
$F$3 Quarts ingredient 1 in Product A (W) 0 25 
$F$4 Quarts ingredient 2 in Product A (X) 0 25 
$F$5 Quarts ingredient 1 in Product B (Y) 0 15 
$F$6 Quarts ingredient 2 in Product B (Z) 0 5 
Cell Name Cell Value Formula Status Slack 
$H$8 At most 40 quarts of ingredient 1 40 $H$8<=$1$8 Binding 0 
available (W +Y <= 40) 
$H$9 At most 30 quarts of ingredient 2 30 $H$9<=$I$9 Binding 0 
available (X + Z <= 30) 
$H$10 At least 25% ingredient 1 in 25 $H$10>:=$I$10 Not Binding 12.5 
Product A (W>=0.25(W + X) 
$H$11 At least 50% ingredient 2 in 25 $H$11>=$1$11 Binding 0 
Product A [X > = 0.50 (W + X)] 
$H$12 At most 75% ingredient 1 in 15 $H$12<=$I$12 Binding 0 
Product B (Y <= 0.75 (Y + Z) 
$H$13 At most 40% ingredient 2 in 5 $H$13<=$I$13 Not Binding 3 
Product B (Z <= 0.40 (Y + Z) 
Model 3 - Portfolio Allocation and Goal Programming 
An investor has $100,000 to invest. There are three activities available over the next four 
Years: Venture 1 yields a return of 1% every three years while Venture 2 yields 4% every year 
though Venture 2 is not available for investment until the beginning of the second year and is 
available every year after that. Venture 3 yields 8% every two years. The results of a single goal 
(as was found for Models 1 and 2) of maximizing total capital can be found.Rather than this one 
goal, however, there are a series of goals: Priority 1: Have no more than one-half of the ending 
capital plus earnings in Venture 2 in the final year. Priority 2: Keep at least $10,000 available for 
emergency expenses during year two. Priority 3: Have a twenty percent investment return at the 
end of the four years. 
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Table 6. Model 3 - Goals One and Two 
Target Cell (Max) 
Cell Name Original Value Final Value 
$C$32 Minimize L minus 0 0 
Adjustable Cells 
CeU Name Original Value Final Value 
$G$3 Amount invested in Venture 1 Year 1(A) 0 48974.21932 
$G$4 Amount invested in Venture 1 Year 2 (B) 0 41025.78068 
$G$5 Amount invested in Venture 2 Year 2 (C) 0 0 
$G$6 Amount invested in Venture 2 Year 3 (D) 0 0 
$G$7 Amount invested in Venture 2 Year 4 (E) 0 52892.15686 
$G$8 Amount invested in Venture 3 Year 1 (F) 0 0 
$G$9 Amount invested in Venture 3 Year 2 (G) 0 0 
SGSIO Amount invested in Venture 3 Year 3 (H) 0 10000 
$G$11 Amount uninvested Year 1 (I) 0 51025.78068 
$G$12 Amount uninvested Year 2 (J) 0 10000 
$G$13 Underutilization goal 1 constraint (Kminus) 0 0 
$G$14 Overutilization goal 1 constraint (Kplus) 0 0 
$G$15 Underutilization goal 2 constraint (Lminus) 0 0 
$G$16 Overutilization goal 2 constraint (Lplus) 0 0 
$G$17 Underutilization goal 3 constraint (Mminus) 0 9984.313725 
$G$18 Overutilization goal 3 constraint (Mplus) 0 0 
Constraints 
Cell Name 
$G$22 Year 1 - $100000 (A + F + I = 100000) 
$ G $ 2 3  Y e a r 2 ( B  +  C  +  G  +  J = 1 )  
$G$24 Year 3 (D + H = 1.04C + 1.07F + J) 
$G$25 Year 4 (E = 1.08A + 1.04D + 1.07G) 
$G$28 Goal 1 - (1.04E + Kminus - Kplus = 
0.5(1.088 + 1.04E+ 1.07H) 
$G$29 Goal 2 - (J + Lminus - Lplus = 10000) 
$G$30 Goal3-(1.08B+1.04E+1.07H + 
Mminus - Mplus = 120000) 
$G$26 Goal 1 - Kplus = 0 
Cell Value 
100000 
51025.78068 
10000 
52892.15686 
55007.84314 
10000 
120000 
Formula 
$G$22+$HS22 
$GS23=$H$23 
$G$24+$H$24 
$G$25=$H$25 
$G$28=$H$28 
$G$29=SH$29 
$G$30=$HS30 
Status 
Not Binding 
Not Binding 
Not Binding 
Not Binding 
Not Binding 
Not Binding 
Not Binding 
Slack 
0 
0 
0 
0 
0 
0 
0 
0 $G$26=$H$26 Not Binding 
In order to use Solver for this problem, three separate situations are considered. Table 6 
gives the results for situation one which minimizes the "underutilization" variable for the con­
straints reflecting goal one Since this variable is zero at this point, the goal was met. The next 
step would be to set this variable to zero as a constraint and minimize the next "underutilization" 
variable for goal 2. However, at this point, that variable is also zero (Goal 2 has also been met), 
and a second constraint setting it to zero is added. The "underutilization" variable for the third 
goal constraint is minimized (Table 7). This goal is not met. 
67 
7
Lebsack: Solver: A productivity tool used in the context of spreadsheet an
Published by CSUSB ScholarWorks, 1998
Journal of International Information Management Volume 7, Number'2 
Table 7. Model 3 - Goals One, Two, and Three 
Target Cell (Max) 
Cell Name Original Value Final Value 
$C$31 Minimize Mminus 0 5645.783975 
Adjustable Cells 
Cell Name Original Value Final Value 
$G$3 Amount invested in Venture 1 Year 1(A) 0 0 
$G$4 Amount invested in Venture 1 Year 2 (B) 0 0 
$G$5 Amount invested in Venture 2 Year 2 (C) 0 0 
$G$6 Amount invested in Venture 2 Year 3 (D) 0 52863.45046 
$G$7 Amount invested in Venture 2 Year 4 (E) 0 54977.98847 
$G$8 Amount invested in Venture 3 Year 1 (F) 0 90000 
$G$9 Amount invested in Venture 3 Year 2 (G) 0 0 
$G$10 Amount invested in Venture 3 Year 3 (H) 0 53436.54954 
$G$11 Amount uninvested Year 1 (I) 0 10000 
$G$12 Amount uninvested Year 2 (J) 0 10000 
$G$13 Underutilization goal 1 constraint (Kminus) 0 0 
$G$14 Overutilization goal 1 constraint (Kplus) 0 0 
$G$15 Underutilization goal 2 constraint (Lminus) 0 0 
$G$16 Overutilization goal 2 constraint (Lplus) 0 0 
$G$17 Underutilization of goal 3 constraint (Mminus) 0 5645.783975 
$G$18 Overutilization goal 3 constraint (Mplus) 0 0 
Constraints 
Cell Name Cell Value Formula Status Slack 
$G$20 Year 1 - $100000 (A + F + I = 100000) 100000 $G$20+$HS20 Not Binding 0 
$G$21 Year 2(B + C + G + J=1) 10000 $G$21=$H$21 Not Binding 0 
$G$22 Year 3 (D + H = 1.04C + 1.07F + J) 106300 $G$22+$H$22 Not Binding 0 
$G$23 Year 4 (E = 1.08A + 1.04D + 1.07G) 54977.98847 $G$23=$H$23 Not Binding 0 
$G$27 Goal 1 - (1.04E + Kminus - Kplus = 57177.10801 $G$27=$H$27 Not Binding 0 
0.5(1.08B + 1.04E+ 1.07H) 
$G$28 Goal 2 - (J + Lminus - Lplus = 10000) 10000 $G$28=$H$28 Not Binding 0 
$G$29 Goal 3 - (1.08B + 1.04E + L07H + 120000 $G$29=$H$29 Not Binding 0 
Mminus - Mplus = 120000) 
$G$24 Goal 1 - Kplus = 0 0 $G$24=$H$24 Not Binding 0 
$G$25 Goal 2 - Lminus = 0 0 $G$25=$H$25 Not Binding 0 
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SUMMARY AND LI MITATIONS 
The examples used in this investigation range from the rudimentary product mix model to 
the more challenging goal programming investment model. Using the Answer, Sensitivity, and 
Limits Reports, managers have an abundance of information to use in making decisions that will 
make their organizations more efficient. They may be limited by their ability to model their 
simations and also by the capacity of the spreadsheet. There are other options (such as the ability 
to solve nonlinear models) available in the Solver Add-On that were not discussed. Also, other 
linear programming models were not illustrated (e.g., scheduling, transportation, data envelop­
ment analysis). The use of Solver could readily be extended to those topics. 
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